The objective of this study was to compare watermelon mosaic virus II incubation was significantly lower in 91213 than in the other genotypes. (WMV II) multiplication in susceptible genotypes of Cucumis melo and in There was no evidence for the presence of inhibitors in 91213 that would plants of breeding line 91213. WMV II multiplication was measured weekly interfere with either assay. The difference in WMV II multiplication in at three leaf positions by using the ELISA and a local lesion assay to 91213 and two other genotypes was also observed under field conditions. monitor the accumulation of viral antigen and infectious virus, respectively. This form of resistance may have significantly reduced spread in these field WMV II multiplication in comparable tissues and following comparable trials.
WMV II is responsible for serious losses each year in Cucumis
We detected abnormally low levels of WMV II antigen in melo L. and Cucurbitapepo L. Control of this disease has relied infected plants of breeding line 91213 of C. melo which were heavily on oil sprays, reflective mulches, and avoidance. A source associated with low levels of WMV II acquisition. These studies of WMV II resistance similar to the high levels of resistance were initiated to analyze the forms of quantitative resistance to available for WMV I (15,16) has not been identified for these WMV II. cucurbit species (10) . Other forms of resistance (for example, Lecoq The specific objectives of this research were to compare WMV II et al [8] describe a form of resistance that suppresses the multiplication in the susceptible or normal genotypes to that in transmission efficiency of cucumber mosaic virus by an aphid) may 91213 and then to determine if this form of resistance would be available.
influence the interplant movement of WMV II in the field.
MATERIALS AND METHODS
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S. (X3) single-local-lesion transfers in Chenopodium amaranticolor under greenhouse conditions were inoculated at the first or second Coste & Reyn. The isolate was identified as WMV II based on host true leaf stage. The second, fourth, and sixth leaves from the stem range and serological tests (11). The isolate was maintained in apices of two plants of each genotype were assayed 1, 2, 3, 4, and 6 Pisum sativum L. "Alaska" and increased in either C. pepo or C.
wk after inoculation. The eighth, tenth, and twelfth leaves were melo to supply inoculum for these experiments, assayed during week 8. Half of each leaf was assayed by ELISA and Four lines of C. melo were used to develop a map of WMV II the opposite half by inoculation to C. amaranticolor. The multiplication. These are the same genotypes we are currently using experiment was conducted four times between early May and late to test the effects of host resistance to a virus and its aphid vector on September. plantings were established separated by eight rows of corn. Each E. Thomas, USDA, Charleston, S. C.; and R. E. Webb, USDA, planting consisted of an equal number of plots planted to Top Beltsville, MD. The titers were determined by using the ELISA Mark, AR-Top Mark, or 91213. Each plot contained four rows on method as described below. The third and sixth leaves were assayed 1.5-m centers with eight plants on 0.6-mi centers in each row. from two plants of each genotype 3-4 wk following inoculation.
Planting A had six replications arranged in a completely Virus assay. Antiserum for ELISA was produced in New randomized design. Planting B was arranged in a randomized Zealand White rabbits using purified (11) WMV II combined with complete block with four replications. Two plots of each genotype Freund's complete adjuvant as the immunogen. The homologous were in each block. One plot of each genotype in each block was titer in microprecipitin tests using a 1:10 extract of WMV IImechanically inoculated with WMV II. Spread of WMV II into the infected squash was greater than 1:4,000. The titer against uninoculated plots of both plantings was visually determined when noninfected squash was less than 1:8. A slightly modified ELISA fruit reached maturity. Fifty plants were randomly sampled and protocol (3) for plant viruses was followed. The plates were serologically assayed for WMV I and WMV II. Only WMV II was incubated with 0.4-0.6,4g of serum protein per milliliter of coating detected. The fifth leaf from 10 plants of each genotype was buffer for 1 hr at 36 C and washed in 0.15 M phosphate-buffered collected from the mechanically inoculated plots and assayed by saline, pH 7.4), (PBS) containing 0.05% Tween-20 PBS-Tween) ELISA 48 and 62 days after inoculation. and 2% ovalbumin. Plant extracts (1:100 dilution, w/v) were prepared in the conjugate buffer (PBS-Tween + 2% RESULTS polyvinylpyrrolidone 40,000) and incubated in coated plates overnight at 4 C. Alkaline phosphatase-conjugated antibody There was a significant (P <0.01) difference in virus (0.4-0.6 pg of serum protein per milliliter) was incubated 2hrat 36 multiplication between 91213 and other genotypes of C. melo. C and the p-nitrophenyl phosphate substrate was incubated for 90 Virus multiplication will be used here when referring to both viral min at room temperature. All other procedural details were antigen and infectivity (lesion number/weight of infected tissue). performed as described (3). The absorbance at 405 nm was
The mean level of WMV II antigen and infectious virus over the measured with a Titertek Multiskan ELISA plate reader (Flow 6-wk incubation period, was lower (P<0.01) in comparable tissues Labs, McLean, VA). Each sample was replicated in four wells and of 91213 than in those of the other three genotypes (Fig. 1) . Virus the mean absorbance value was used for statistical analysis. The multiplication was not significantly different between Hale's Best, coefficient of variation within sample replicates was less than 10%
Top Mark, and AR-Top Mark. Hereafter, these three genotypes for over 80% of the samples.
will be referred to collectively as the susceptible genotypes. Mean Local lesion assays were conducted on half-leaves of C.
ELISA values ranged from 0.32 in the youngest leaves to 0.55 in the amaranticolor. Line 91213 was assayed for WMV Iata 1:50 (w/v) oldest leaves of the susceptible genotypes. The mean numbers of dilution of plant extracts in 50 mM potassium phosphate buffer, local lesions obtained from assay of the susceptible genotypes pH 7.2; all other lines were assayed at a 1:500 dilution and resulting ranged from 126 in the youngest leaves to 466 in the oldest leaves. lesion numbers were adjusted (lOX) to reflect this dilution. Each
The mean levels of virus multiplication in the different-aged leaves sample was assayed on two randomly selected half-leaves of each of of 91213 were not statistically separable (Fig 1) . The temporal patterns of virus multiplication that occurred over Hale's Best, and 91213 was monitored with ELISA and local lesion the 6-wk incubation period in the susceptible genotypes and in assays for 8 wk following inoculation with WMV II. Plants grown 91213 were analyzed separately due to the difference in the 202 PHYTOPATHOLOGY development of infectious virus between 91213 and the susceptible significant (P <0.01) correlation (r = 0.90) did exist between the genotypes (Fig 2) . The level of WMV II antigen and infectious virus virus dilution and the log of the ELISA values. Furthermore, there increased in the susceptible genotypes during the first 3 wk was not a significant (P>0. 10) differential effect by either host on following inoculation. The mean ELISA values increased from infectivity of purified WMV II. Eight twofold dilutions (1:10 to 0.23 at 1 wk after inoculation to 0.52 at 3 wk after inoculation.
1:1,280) of sap from WMV II-infectedTop Mark resulted in 223 to Similarly, the mean local lesion number increased from 136 at 1 wk 29 local lesions per half-leaf. The log of the local lesion number was after inoculation to 434 at 3 wk after inoculation. Both assays significantly (P<0.005) correlated (r = 0.89) with the host dilution. indicated a consistent trend of increasing virus content with
The type and intensity of symptom expression were similar for increasing leaf age during the first 3 wk (Fig 2) with no leaf X week the susceptible genotypes. Symptoms in young leaves of these interaction (P >0.60).
genotypes consisted of veinal chlorosis and diffuse chlorotic spots. The level of virus multiplication at each week during the 6-wk These symptoms evolved into a chlorotic mottle or general incubation period was less in 91213 than in the susceptible chlorosis as the leaves matured. Occasionally, leaves on older genotypes. The weekly mean ELISA values for 91213 were 50 to plants developed a mosaic symptom. The resistant line, 91213, 60% less than for the susceptible genotypes except for the third initially exhibited a distinct mosaic and/or veinal chlorosis with week which was 30% less. Although lower, the temporal change in symptoms in succeeding leaves limited to veinal chlorosis and accumulated viral antigen, on a per-leaf basis, in 91213 was similar diffuse chlorotic spotting. These symptoms ultimately resulted in a to the pattern for the susceptible genotypes (Fig 2) . The weekly very mild chlorotic mottle in mature leaves. mean ELISA values increased (P <0.01) from 0.09 at I wk after
The titer of WMV II in 91213 was compared to an additional 21 inoculation to 0.37 on the third week. The values decreased to 0.25 breeding lines and cultivars. Only three lines at leaf position 3 and and 0.27 by the fourth and sixth weeks, respectively, after two lines at leaf position 6 did not have significantly higher levels of inoculation. These ELISA values corresponded to a mean viral WMV II antigen (P= 0.05) than found in 91213. When the ELISA antigen concentration in 91213 of about 25% of that found in the values were analyzed by using the log transformation to correct for susceptible genotypes except for the third week after inoculation the greater variance at the higher antigen concentrations, only leaf which was 50% of the susceptible genotypes.
6 on 92137 did not contain significantly higher levels of WMV II The local lesion assays indicated that the amount of infectious antigen. virus in 91213 was 10-20% of the amount recovered from the Our experience indicates that 91213 was more difficult to susceptible genotypes. The mean local lesion numbers obtained inoculate mechanically and also was less receptive to inoculation by from 91213 at 1, 2, 3, 4, and 6 wk after inoculation were 19, 12, 39,
A. gossypii than the other genotypes. In an attempt to quantify this 23, and 49, respectively (P= 0.06).
relationship, the four genotypes were each inoculated with a The level of virus multiplication at leaf positions 4 through 12 in dilution series made from a WMV II-infected squash plant. The 91213 8 wk postinoculation was less than in the susceptible concentration of WMV II needed to achieve an infection efficiency genotypes (Fig. 3) . The virus antigen in the leaves of the susceptible (percent of inoculated plants which became infected) of 5 or 50% on genotypes was significantly greater in leaves at positions 4-12 than 91213 was three-to fourfold greater than the concentration needed in leaves at position 2 (Fig. 3a) . The amount of infectious virus recovered from the leaves of susceptible genotypes increased with 0.7 # leaf age up to the sixth to eighth position and then remained
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A constant through the 12th position (Fig. 3b) .
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Virus antigen level in the 91213 leaves was not significantly (Fig. 3a) . The mean levels of infectious virus appeared to E 0.5 vary; however, the differences were not statistically significant nor were consistent trends apparent (Fig. 3b) . .60 600 The infection efficiencya of a standard watermelon mosaic virus to achieve the same infection efficiency with the susceptible (WMV) II inoculum on WMV Il-resistant and -susceptible genotypes of genotypes ( Table 1) .
Cucumis melo
The relative accumulation of WMV II antigen in 91213 was also 
